Abstract: The reaction of 2-amino-4-aryl-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitriles with excess aliphatic carboxylic acids in the presence of phosphoryl chloride (POCl 3 ) afforded new 2-alkyl-5-aryl-8,8-dimethyl-8,9-dihydro-3H-chromeno[2,3-d]pyrimidine-4,6(5H,7H)-diones in high yields. The suggested mechanism involves a tandem intramolecular Pinner/ Dimroth rearrangement. The synthesized compounds were characterized by infrared (IR), proton nuclear magnetic resonance ( 1 H NMR), carbon-13 nuclear magnetic resonance ( 13 C NMR) and elemental analysis.
Introduction
Certain chromenes possess important biological properties such as anticancer [1, 2] , antimicrobial [3, 4] , antiproliferative [5] , anticonvulsant [6] , antimalarial [7] , antibacterial [8] , anti-influenza [9] and anti-rhinovirus [10, 11] activities. Other compounds with a chromene moiety are potential inhibitors of aldose reductase [12] , tumor necrosis fact (TNF)-α [13] , PTP1B [14] , DPP-IV [14] , α-glucosidase [14, 15] , h-MAO-B [16] , PI3Kβ [17] , PI3Kδ [17] and Src kinase [18] . On the other hand, the pyrimidine moiety is found in a range of compounds exhibiting a broad spectrum of biological activities such as antitumor [19] , antiproliferative [20] , antileishmanial [21] , antibacterial [22] , antifungal [23] and antioxidant [24] properties.
Chromeno [2,3-d] pyrimidines have received much attention because of their interesting biological properties such as anticancer [25] , antimicrobial [26, 27] , antitubercular [27] , antibacterial [28] , antiproliferative [29] and antioxidant [30] activities. In conjunction with our interest in the synthesis of heterocyclic compounds [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , in this paper we report the synthesis of new chromeno [2,3-d] pyrimidine-4,6(5H,7H)-diones 3a-h by the reaction of substituted 5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitriles 1a-d with excess aliphatic carboxylic acids 2a, b in the presence of phosphoryl chloride (POCl 3 ) (Scheme 1).
Results and discussion
The starting materials 1a-d were prepared according to methods cited in the literature [41] [42] [43] [44] [45] [46] . In a model reaction, 2-amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (1a) was allowed to react with excess acetic acid (2a) under reflux without any solvent and catalyst. After a prolonged reaction time, only a low yield of the product was observed and a large amount of the starting material was recovered. Next, the reaction was investigated in excess acetic acid (2a) in the presence of POCl 3 as the chlorinating agent. After stirring at room temperature for 300 min the mixture showed only little conversion. However, after reflux for 150 min, no starting material was observed on monitoring of the reaction by thin-layer chromatography (TLC), and a single spot for the formation of a product was seen. The product was identified as 2,
. Decreasing the reaction temperature to 100°C decreased the yield of the product from 90% to 78% under otherwise identical conditions. For comparison, synthesis of the model compound 3a was also carried out using thionyl chloride (SOCl 2 ) under reflux conditions. Under these conditions, the product 3a was obtained in 82% yield after 180 min. Consequently, all subsequent reactions for the synthesis of compounds 3b-h were carried out in the presence of POCl 3 at reflux temperature.
The structures of the newly synthesized compounds 3a-h were confirmed by analysis of spectral data and elemental analysis. For example, the proton nuclear magnetic resonance ( 1 H NMR) spectrum of compound 3a in dimethyl sulfoxide-d 6 (DMSO-d 6 ) contains a broad singlet at δ 12.55 for the NH group and a singlet at δ 2.27 for new methyl group. These new signals along with other signals including two singlets at δ 0.97 and 1.07 for diastereotopic methyl groups and a singlet at δ 4.70 for aliphatic methine group are fully consistent with the formation of compound 3a. The infrared (IR) spectrum is devoid of the CN absorption band at 2199 cm −1 of the precursor but instead shows the NH absorption band at 3434 cm −1 , which indicates the involvement of the nitrile group in the cyclization process.
On the basis of a related transformation [40, 41] , a plausible mechanism for the formation of compounds 3a-h via the tandem intramolecular Pinner/Dimroth rearrangement is presented in Scheme 2. 
Experimental
All chemicals were purchased from Merck and Aldrich and used without additional purification. IR spectra were obtained as KBr pellets using a Tensor 27 Bruker spectrophotometer. The 1 H NMR (300 MHz) and carbon-13 nuclear magnetic resonance ( 13 C NMR) (75 MHz) spectra were recorded on a Bruker 300 FT spectrometer in DMSO-d 6 using tetramethylsilane (TMS) as the internal standard. Elemental analyses were performed on a Thermo Finnigan Flash EA microanalyzer. Melting points were recorded on a Stuart SMP3 melting point apparatus and are not corrected. The starting materials 1a-d were prepared according to the methods cited in the literature [41] [42] [43] [44] [45] [46] .
General procedure for synthesis of compounds 3a-h
A mixture of 2-amino-4-aryl-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile 1a-d (1 mmol) and excess acetic acid (2a, 2 mL) or propionic acid (2b, 2 mL) in POCl 3 (1 mL) was heated under reflux for 60-150 min. Upon completion, as monitored using TLC plates, the mixture was poured into cold water (40 mL). The crude product 3a-h was collected, washed with water and crystallized from ethyl acetate. -8,8-dimethyl-5-( 3-nitrophenyl)-8,9-dihydro -3H-chromeno[2,3-d]pyrimidine-4,6(5H,7H) C h l o r o p h e n y l ) -2 , 8 , 8 -t r i m e t h y l -8 , 9 -d i h y d r o -3H-chromeno[2,3-d]pyrimidine-4,6(5H,7H) 
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